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(57) Abstract: The invoition provides an aircraft having a fli^t control system (20) comprising aerodynamic lift generating means 
(14). and means for conuolling in use the lift provided by the lift generating means, the lift control means comprising: a concentrated 
mass (22) mounted within a longitudinal body (12) of the aircraft, the concentrated mass comprising at least one existing aircrait 
function and/or system mounted on a suppCHt (4) in a confined area, bearings (24, 26) permitting relative movement between the 
support for the concentrated mass and at least a portion of the lift generating means, actuation means (34. 136) for causing such 
relative movement whereby in use the centre of aerodynamic lift and the centre of gravity of the aiicrait may be moved relative to 
one another for effeaing flight control. The inventicm also provides a corresponding method of fli^t control. 
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FLIGHT CONTROL SYSTEM FOR AN AIRCRAFT 

Description 

This invention concerns a flight control system for an aircraft. The flight 
control system of the present invention is primarily intended for use in an 
unmanned aircraft, but it is also suitable for use in a manned aircraft. 

Conventionally, flight control in an aircraft has been achieved by way of 
aerodynamic control surfaces, for example the ailerons, the flaperons, the 
elevators, the spoilers and the rudder, attached to the aerodynamic lift generating 
surfaces of the aircraft. As the inherent airframe instability of present day aircraft 
and air speeds have increased, the actuation forces needed to move these 
aerodynamic control surfaces have greatly increased, and the dynamic response 
requirements of the control surfaces have likewise increased. 

Most aircraft currently employ hydraulic actuators for operating the 
aerodynamic control surfaces, such actuators being capable of producing high 
forces within relatively confined spaces. 

However, hydraulic actuation systems suffer from a number of significant 
drawbacks, in particular their weight and their need for a high level of 
maintenance in order to minimise wear and tear and ensure reliability. Further, in 
order to meet safety regulations such actuators often have to have capabilities well 
in excess of the normal requirements of the aircraft. For example, safety 
regulations may dictate that an actuator have twice the necessary thrust capability 
that is actually required in normal use of the aircraft. All of this adds to the design 
complexities and expense of such actuator systems. 

Electrically powered actuation systems have also been considered and offier 

certain aJvantages in terms of weight life cycle, reliability and maintenance. 

However, the electrical actuation systems that are cun-ently available are unable 

1 
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to meet the high power transmission requirements and other demands of present 
day aircraft primary flight control systems. 

It is an aim of the present invention to provide a flight control system for an 
aircraft, which reduces the control forces and power demands needed for aircraft 
flight control. 

Another aim of the present invention is to provide a flight control system for 
an aircraft, which avoids the need for complex, high power actuator transmission 
systems. 

The present invention provides an aircraft having a fli^t control system 
comprising aerodynamic lift generating means, and means for controlling in use 
the lift provided by the lift generating means, the lift control means comprising: 

a concentrated mass mounted within a longitudinal body of the aircraft, the 

concentrated mass comprising at least one existing aircraft function and/or 

system mounted on a support in a confined area, 

bearings, permitting relative movement between the support for the 
concentrated mass and at least a portion of the lift generating means, and 
actuation means for causing such relative movement whereby in use the 
centre of aerodynamic lift and the centre of gravity of the aircraft may be 
moved relative to one another for effecting flight control. 

In a preferred embodiment of the invention described belpw, the 
concentrated mass is movable relative to the centre of lift of the aircraft It is also 
possible for the concentrated mass to be movable relative to the thrust line of the 
or a respective aircraft engine. 

In a preferred form of the invention described below, the flight control 
system has at least one concentrated mass mounted within the aircraft body, and 
the or each mass is movable in two perpendicular directions respectively relative 
to the aircraft body. For example, the or each concentrated mass may be 
movable respectively laterally and longitudinally of the aircraft body. 
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An advantage of this embodiment of the present invention is that the 
concentrated mass is movable, and entirely located, within the aircraft body in 
use and therefore there need to be external moving control surfaces, which has 
stealth benefits. 

5 

Further, by the use of low friction bearings, relatively low actuation forces 
can be employed for moving the concentrated mass, in comparison with the force 
requirements in a conventional flight control system. As a result, it is envisaged 
that low power actuation means may be employed, which opens the way to the 

10 use of electrical actuators. Existing low power electrical actuators are generally 

able either to provide a high force or to act at a high rate but not both, and so 
such aauators have not hitherto been employed in flight control systems. 
However, the nature and location of the concentrated mass according to the 
present invention enables linear electrical actuators to be employed with 

15 consequent advantages of ease of installation and maintenance, reliability, 

efficiency and economy. 

In an alternative embodiment, the or a portion of the aerodynamic lift 
generating means is movable relative to the body of the aircraft. For example, a 
20 wing or wings of the aircraft nnay be shiftable relative to the body. 

Such an arrangement may have the advantage of simplicity over an 
arrangement involving movement of a concentrated mass within the interior of 
the aircraft frame given the complex structuring of such interior space with its 
25 need to accommodate various aircraft systems, stones, fuel, engine, etc. 

It is envisaged that the concentrated mass may comprise at least one of: 
the aircraft actuation system, the aircraft fuel tanks and the aircraft storage 
containers close packed together in a confined spxe. 

30 

According to a further aspect of the invention, there is provided a method of 
flight control in an aircraft having aerodynamic lift generating means by 
contrdling in use the lift provided by the lift generating means, said lift control 
comprising: 

3 
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- providing a concentrated mass mounted within a longitudinal body of 
the aircraft, the concentrated mass comprising at least one existing aircraft 
function and/or system mounted on a support in a confined area, and 

- effecting relative movement between the concentrated mass and at least 
a portion of the aerodynamic lift generating means whereby to shift the centre of 
gravity and the centre of aerodynamic lift of the aircraft relative to one another for 
generating lift controlling moments about said centre of gravity. 

According to another aspect of the present invention, the aircraft may in 
addition to or instead of the flight control system mentioned above employ wing 
area control for flight control purposes* 

According to this aspect of the invention, an aircraft has a pair of wings, 
each having a variable wing area. 

In a preferred form of this aspea of the invention described l:>elow, each 
wing comprises a first wing portion which is fixed relative to the body of the 
aircraft' a second wing portion which is mounted to the first wing portion by 
means of bearings so as to be extendable and retractable thereto, and actuation 
means for extending and retracting the second wing portion. 

Preferably, the second wing portion is telescopically received within the first 
wing portion. 

An advantage of this aspect of the invention is that the wing area can be 
adjusted before and/or during flight to control the lift of the aircraft and to suit 
particular flight conditions. 

For example, a larger wing area can be employed for take-off and for high 
altitude loiter, whereas a smaller wing area can be employed for low altitude high 
speed flight or for flying in turbulent weather conditions in order to enhance flight 
control. 
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According to a furtiier aspect of the invention, there is provided a method of 
flight control in an aircraft having wings ccmprising: 

varynng the wing area for at least one of the wings for controlling the lift provided 
by the wing. 

The invention is described further, by way of example with reference to the 
accompanying drawings, in which: 

Figure 1 is a schematic longitudinal section through an aircraft having a 
flight control system according to the present invention; 

Figure 2 is a schematic cross section through the aircraft illustrating the flight 
control system; 

Figure 3 is a fragmentary perspeaive view of the aircraft showing linear 
bearings of the flight control system of the present invention; 

Figure 4 is a diagrammatic mathematical representation of the aircraft in 

flight; 

Figure 5 is a block diagram of the flight control system of the present 
invention; 

Figures 6 and 7 are respectively a cross-section through the aircraft body 
showing portions of a first embodiment of the present flight control system, and a 
coHBspondingplan view; 

Figures 8 and 9 are respectively a longitudinal section through the aircraft 
body showing further portions of the first embodiment of the flight control system 
of the present invention, and a corresponding plan view; 

Figures 10 and 11 are respectively a fragmentary plan view and a 
corresponding cross sectional view along arrow A showing portions of a second 
embodiment of the flight control system of the present invention; 

Figure 12 is a schematic plan view of an aircraft having a pair of wings each 
with a variable wing area. 

Refen-ing initially to Figures 1 to 3, these show an aircraft 1 0 haNong a body 
1 2 and a single wing extending right across the body 12 to provide on both sides 
of the body 1 2 respecth/e wing elements 1 4. In the present example, the aircraft 
is an unmanned aircraft powered by a single engine 1 6 at the rear which is linked 

5 
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to an electrical power supply by way of an electrical power connection 1 8 shown 
schematically in Figure 1 . 

According to the invention, the aircraft 10 also comprises a flight control 
system 20. The flight control system 20 comprises a concentrated mass 22, which 
is mount«l within the body 12 of the aircraft ^0, The concentrated mass 22 
comprises one or more of the existing aircraft functions and/or systems, in the 
present instance consisting of the bulk of the aircraft actuation system, the aircraft 
fuel tanks, and any stores required on board, all mounted together in a confined 
space. The flight control system 20 also includes pair of bearings 24,26 
effectively permitting relative movement between the concentrated mass 22 and 
the wing elements 14. Each of the bearings 24, 26 is a low friction linear bearing 
pennitting movement of the mass 22 and/or of the wing elements 14 in the lateral 
direction and the longitudinal direction respeaively relative to the aircraft body 
1 2 and hence relative to one another. 

Figure 3 shows the two bearings 24, 26 schematically together with their 
directions of movement, and demonstrates how, with the aid of these bearings, 
the concentrated mass 22 and the wing elements 14 can be moved relative to one 
another in use. By means of relative lateral movement with the aid of the 
bearings 24, the centre of gravity CG of the aircraft can be shifted laterally in 
relation to the centre of lift AC to create a rolling moment, and in this way n3lling 
of the aircraft can be controlled. By means of relative longitudinal movement 
with the aid of the bearings 26, the centre of gravity CG of the aircraft can be 
shifted longitudinally in relation to the centre of lift AC to create a pitching 
moment, and hence pitching of the aircraft can be controlled. In this way, such 
relative movement can be employed to effect flight control. 

Figure 4 shows in simplified fonn a dynamic mathennatical representation of 
the flight control system 20. As shown in Figure 4, the aircraft 10 is repr^ented 
as a simple beam, which is subjected to an external disturbance Fd representing 
the aerodynamic forces on the aircraft in flight. The wing lift force Fw aaing at 
the centre of lift AC may then be represented by the following equation: 
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Fw - *p* V*»2*A*CI (1) 
where 

p « air density 

V - airaaft velocity 

A - wing area 

CI - lift co-efficient. 

The wing lift force Fw and ttie disturbance force Fd are related by the 
following equation: 

let + Da - Fw*a*X1 + Fd*X2 (2) 

where 

I « pitch inertia 
D = pitch damping 
a - pitch acceleration 
a = pitch rate 
a - incidence 

XI - the distance between the aircraft centre of lift AC and the aircraft 

centre of gravity CG 

X2 - the distance between the location of the applied di5turt>ance force 
Fd and the aircraft centre of gravity CG. 

It will be apparent from the above equation (2) that aircraft flight control 
can to a significant extent be achieved by displacement of the aircraft centre of lift 
AC and the aircraft centre of gravity CG relative to one another and hence by 
adjustment of the distances XI and/or X2. 

Tuming to Figure 5, a schematic blocic diagram of the control loop for 
the flight control system 20 for implementing such displacement is shown. 



01/69339 



PCT/GBOl/00292 



As shown in Figure 5, a flight control command applied to an input 
junction 100 is passed through a filtering arrangement 102 for effecting 
adjustments to the dynamic performance of the overall control loop to achieve a 
stable control system 20 with the desired dynamic characteristics. The filtering 
arrangement is implemented in the onboard flight control computer and is here 
represented as a Laplace Transform of Proportional, Integral and Differential (PID) 
operations acting on the output of the summing junction 100. 

The filtered signal is next applied to a linear actuation arrangement 104 
for moving the aircraft wing elements 14 and/or the concentrated mass 22 relative 
to one another. The actuation arrangement 104 is represented in Figure 5 as a 
Laplace Transform of the dynamic characteristics of the actual actuation means for 
moving the wing elements 14 and/or the mass 22: 

1 

where 

S« the Laplace operator 
T = a time constant 

The linear actuation arrangement 104 combines with control mechanism 
gearing 106 to move whichever part is being displaced, namely the wing 
elementsl4 and/or the mass 22, here designated 108, to alter the distance XI 
between the centre of lift AC and the centre of gravity CG. The gearing 1 06 has a 
gain factor C representing the mechanical advantage of the actuation mechanism. 

Refemng back to Figure A, block 108 and a series of following blocks 1 10, 112, 
114, 116 effectively represent what happens when the disturbance Fd creates a 
moment Fd*X2 on the aircraft, which changes the aircraft incidence. The wing 
lift force Fw then also chants to produce a corrective moment Fd*X1 on the 
aircraft Thus, a highly dynamic situation is created, in which the forces and 
moments on the aircraft are changing while the distance XI is also changing due 
to the movement of the part 1 08. 



8 
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The movement of the part 108 and the moment of the disturbance force 
Fd about the centre of gravity CG are represented as being combined in a 
summing arrangement 110 to adjust the flight of the aircraft, as discussed above, 
taking inertia! dynamic charaaeristics 112 and aerodynamic characteristics 114 
into account The angle of incidence a is then fed back to the input 100 directly 
as a negative feedback to stabilise the aircraft flight and. In addition, the angle of 
incidence a is applied through a computation amingement 1 1 6 representing wing 
lift force Fw as another input for determining movemoit of the part 1 08 according 
to the product Fw*X1 . 

Turning to Figures 6 to 9, further details of one embodiment of the flight 
control system in which the concentrated mass 22 is movable within the aircraft 
body 12 on the bearings 24, 26 are illustrated. Figure 6 shows how the 
longitudinal bearing 26 is mounted within the aircraft body 12 to permit 
movement of the mass 22 longitudinally of the aircraft 10. The longitudinal 
bearing 26 comprises a pair of linear bearing tracks 28 provided on a fixed 
platfomn (not shown) beneath the aircraft wing elements 14 and arranged to 
extend longitudinally of the aircraft body 12. The tracks 28 engage corresponding 
bearing surfaces 30 on a mounting plate 32 situated between the two tracks 28. 
The bearing surfaces 28, 30 may comprise teflon bearings, roller bearings, ball 
bearings or other means providing low friction linear bearings. 

The plate 32 is thus movable longitudinally of the aircraft body 12 on the 
low friction linear bearings 28, 30 and movement of the plate 32 is controlled by 
a plurality of aauation means 34. As shown in Figure 7, each actuation means 
comprises a direct thrust linear electric actuator 36 having a thrust shaft 38 in 
direct engagement with the plate 32. 

Suspended from the plate 32 and carried thereby are firstly the lateral 
bearings 24, and secondly the concentrated mass 22. Details of the lateral 
bearings 24 are shown in Figures 8 and 9. 

As shown in these Figures, the lateral bearings 24 again comprise a pair of 

linear bearing surfaces 40 this time provided on the plate 32 and arranged to 

9 
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extend laterally of the aircraft body 12. The lateral bearings 24 are engaged by a 
corresponding pair of bearing surfaces 42 on a support plate 44. As before, the 
bearing surfeces 40, 42 may comprise teflon bearings, roller bearings, ball 
bearings or other low friction linear bearings, 

5 

The plate 44 is thus enabled to move laterally of the aircraft body 12, and 
movement of the plate 44 is controlled by way of a plurality of actuation means 
46. As shown, each aauation means 46 comprises a direct thrust a linear electric 
actuator 48 having a thrust shaft 50 in direct contact with the plate 44. The plate 
10 44 carries the concentrated mass 22, and hence movement of both the plate 44 

and the concentrated mass 22 is controlled by way of the linear electric actuators 
48. 



It will be apparent that precise control of the position of the concentrated 
15 mass 22 relative to the aircraft centre of lift AC, and of the movement of the 

concentrated mass 22 within the aircraft body 1 2, can be achieved by appropriate 
control of the linear electric actuators 36, 48- Relatively small adjustments of the 
centre of gravity CG of the aircraft 10 in this way can be employed to create 
relatively large pitch and roll movements of, and also considerable angular 
20 acceleration rates for, the aircraft as a whole. Hence, relatively low control forces 

can be used to obtain the necessary flight control charaaeristics. 

As a result, it is envisaged that the necessary control forces are likely to be 
within the capabilities of existing linear actuators. Consequently, the bulky gear 
25 boxes and pumps to be found in conventional hydraulic aauators can be 

eliminated and an increase in overall vehicle reliability can be expected. Sucii 
actuators also have significant advantages in temns of maintainability and life 
cycle. 

30 Tuming now to Figures 10 and 11, a second embodiment of the flight 

control system, in which the wing elements 14 are movable on the aircraft body 
12 on bearings 24', 26' is shown. Figure 10 is a plan view of the drive 
mechanism, shown as block 106 in Figure 5, provided between a wing drive 
spigot 122 connected to the wing elements 14, and portions 124 of the aircraft 
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body 1 2. Figure 1 1 shows how the wing elements 14 are mounted by way of the 
bearings 24', 26' on the aircraft body 1 2, and demonstrates the connection of the 
drive spigot 1 22 with the drive mechanism 1 06, 

Refen-ing first to Figure 11, it will be seen that the longitudinal bearing 26' 
pennits longitudinal movement of the wing elements 14 relative to a plate 126 
carried by the aircraft body 12. Thef plate 126 is mounted on the aircraft body 12 
by way of the lateral bearings 24' and hence is movable laterally of the aircraft 
body 1 2. The bearings 24', 26' may comprise teflon bearings, roller bearings, ball 
bearings or other means providing low friction linear bearings. As a result of this 
arrangement, the wing elements 14 are movable both longitudinally and laterally 
relative to the aircraft body 1 2. 

This movement of the wing elements 14 is controlled by way of a control 
rod 128 connected to the wing drive spigot 122. The spigot 122 is pivotably 
connected to a first drive bar 130, which in turn is pivotably connected to a 
second drive bar 1 32 mounted by a pivot connection 1 34 to one of the structural 
portions 1 24 of the body 1 2. Actuation means 1 36 pivotably connected between 
another portion 124 of the aircraft body 12 and a remote end 139 of the second 
drive bar 132 serve to control movement of the drive spigot 122 in the 
longitudinal direaion of the aircraft. The actuation means 136 comprises a direct 
thnjst linear electric actuator 1 38 having a thrust shaft 140 pivotably connected to 
the drive bar 132. 

The second drive bar 132 has a perpendicular extension 142, and further 
actuation means 144 are pivotably mounted between a free end 146 of the 
extension 1 42 and a free end 1 48 of the first drive bar 1 30. The actuation means 
144 comprises a direct thrust linear electric actuator 1 50 having a thrust shaft 1 52. 
As can be seen, operation of the linear electric actuator 150 has the effect of 
pivoting the first drive bar 130 in relation to the second drive bar 132 and of 
moving the drive spigot 1 22 laterally of the aircraft body 1 2. 

The second embodiment of the invention shown in Figures 10 and 1 1 has 

the advantage that the bearings 24', 26' are external to the main body 12 of the 

11 
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aircraft and the drive mechanism 106 can be located within the body 12 
immediately under the wing elements 14. As a result, the drive mechanism 106 
hardly interferes with the design of the interior space of the aircraft body 12, and 
with the arrangement of the various aircraft systems, stores and fuel supplies. 

5 

Turning now to Figure 12, a further aspect of the flight control system of the 
present invention is shown, in this aspect, an aircraft 60 having a body 62 and a 
pair of wings 64 is provided with an arrangement 66 for varying the wing area of 
each wing 64. The right hand side of Figure 12 shows one of the wings 64 
10 having a maximum wing area, while the left hand side of Figure 12 shows the 

other of the wings 64 having a minimum wing area. 

in order to pemnit variation of the wing area, each wing 64 comprises a first 
wing portion 68 which is rigidly fixed to and/or integral with the body 62 of the 
aircraft 60. A second wing portion 70 is telescopically received within the first 
wing portion 68 for movement between a fully retracted position (shown on the 
left hand side of Figure 8) and a fully extended position (shown on the right hand 
side of Figure 8). In practice, the second wing portion 70 may also be moved to 
any position between the fully retracted position and the fully extended position. 

Relative movement of the second wing portion 70 and the first wing portion 
68 is possible by virtue of the fad that the second wing portion is mounted on 
low friction linear bearings 72 within the first wing portion 69. These low friction 
linear bearings may be teflon bearings, roller bearings, ball bearings or any other 
low friction bearings. 

In addition, a pair of actuation means 74 is associated with each wing 64 for 
effecting extension and retraction of the second wing portion 70 relative to the 
first wing portion 68. Each actuation means 74 comprises a direct thrust linear 
30 electric actuator 76 having a thrust shaft 78. One of the actuator 76 and the thrust 

shaft 78 is mounted either on the aircraft body 62 or on the first, fixed, wing 
portion 68 and the other of the actuator 76 and thrust shaft 78 is mounted on the 
second, movable, wing portion 70. Because the first wing portion 64 carries the 
second wing portion 70 by way of low friction bearings, extension and retraction 

12 
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of the second wing portion 70 can readily be effected by operation of the 
actuation means 74. 

A significant advantage of the arrangement shown in Figure 12 is that the 
wing area of the aircraft can be adjusted to suit the current flight conditions. For 
example, the second wing portion 70 may be fully extended to provide a 
maximum wing area during take off and high altitude loiter. For low altitude high 
speed flight and in turbulent conditions, the second wing portion 70 may be fully 
retracted to provide a minimum wing area for enhanced flight control. 

Variation of the wing area provides direct lift control for the aircraft and 
offers the possibility of consistently operating the aircraft at maximum lift/drag 
ratio in order to achieve maximum fuel efficiency. Thus, it may be possible to 
increase the range of the aircraft and/or increase the pay-load for the aircraft. By 
combining the feature of moving the centre of gravity CG of the aircraft relative to 
the centre of lift AC, as described in relation to Figures 1 to 1 1 , and the feature of 
varying the wing area, as described in relation to Figure 1 2, a very high degree of 
control may be possible even at exceptionally low air speeds. 

The described flight control system offers many advantages, not the least of 
which is the reduction in the required aircraft control forces, and hence in the 
energy demands on the electrical generation and supply system, due to the fact 
that the power required for flight control is transmitted from the engine via the 
airframe and the low friction bearing assembly. 

In both of the first and second embodiments of the invention shown 
respectively in Figures 6 to 9 and, in Figures 10 and 1 1, the flight control system 
stabilises the airaaft by controlling the relationship of its centre of gravity CG 
relative to its aerodynamic centre or centre of lift AC. The flight control system 
therefore inherently compensates for variations in the mass of the aircraft due to 
changes in aircraft stores and fuel states, without the need for the system receiving 
direct infom^tion relating to the stores and fuel states. 



13 
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A number of modifications are possible within the scope of the invention* 
For example, although the embodiments described envisage using only a single 
concentrated mass 21, this could be replaced by a number of such masses 
situated at different locations within the body 12 of the aircraft. Such masses 
could be arranged to be independently movable on respective bearings relative to 
the wing elements 1 4* 

Likewise, although in the embodiment described with reference to Figures 6 
to 9 the concentrated mass 22 is movable relative to the centre of lift AC of the 
aircraft, it could also be movable relative to the direction of thrust of the engine 
1 6, or of a respective engine if there are more than one. 

Movement of the aircraft centre of gravity CG relative to the aircraft centre 
of lift AC allows the control and pitch and roll whereas in a similar manner 
movement of the or another concentrated mass relative to the line of the engine 
thrust permits control of yaw and roll 



14 
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CLAIMS 

1. An aircraft having a flight control system (20) comprising aerodynamic lift 
generating means (1 4), and means for controlling in use the lift provided by the lift 
5 generating means, the lift control means comprising: 

a concentrated mass (22) mounted within a longitudinal body (12) of the aircraft, 
the concentrated mass comprising at least one existing aircraft function and/or 
system mounted on a support (44) in a confined area, 

bearings (24, 26; 24', 260 pemnitting relative movement between the support for 
10 the concentrated mass and at least a portion of the lift generating means, 

aauation means (34, 46; 136, 144) for causing such relative movement whereby 
in use the centre of aerodynamic lift and the centre of gravity of the aircraft may 
be moved relative to one another for effecting flight control. 

15 2. An aircraft according to claim 1 in which the concentrated mass is movable within 
the aircraft body, and in which preferably the bearings comprise linear bearings 
permitting movement of the concentrated mass respectively laterally and 
longitudinally of the aircraft body. 

20 3. An aircraft according to claim 2 in which concentrated mass is further arranged to 
be movable relative to the thrust line of the or a respective engine (1 6). 

4. An aircraft according to any preceding claim in which at least a portion of the lift 
generating means are movable relative to the body of the aircraft- 

25 

5. An aircraft according to any preceding claim in which the concentrated mass 
comprises at least one of the aircraft actuation system, the aircraft fuel tanks and the 
aircraft storage containers. 

30 6. An aircraft according to any preceding claim in which the concentrated mass 
includes more than one mass element, and in which the bearings permit 
independent relative movement between each mass element and the at least a 
portion of the lift generating mrans. 
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7. An aircraft according to any preceding clainn in whicKi the actuation means for 
causing relative movement between the support for the concentrated mass and the 
at least a portion of the lift generating means comprise linear electrical actuators. 

5 8. An aircraft according to any preceding claim in which the aerodynamic lift 
generating means comprise a pair of wings (64) each having a variable wing area. 

9. An aircraft having a pair of wings (64) each having a variable wing area. 

10 10. An aircraft according to claim 8 or 9 in which each wing comprises a first wing 
portion (68) which is fixed relative to the body of the aircraft, a second wing portion 
(70) which is mounted to the first wing portion by means of bearings (72) so as to be 
extendable and retractable relative thereto, and aauation means (74) for extending 
and retracting the second wing portion. 

15 

11. A method of flight control in an aircraft having aerodynamic lift generating means 
(14), comprising controlling in use the lift provided by the lift generating means, 
said lift control comprising: 
providing a concentrated mass (22) mounted within a longitudinal body (12) of 
20 the aircraft, the concentrated mass comprising at least one existing aircraft 

function and/or system mounted on a support (44) in a confined area, and 
effeaing relative movement between the concentrated mass and at least a portion 
of the aerodynamic lift generating means whereby to shift the centre of gravity 
and the centre of aerodynamic lift of the aircraft relative to one another for 
25 generating lift controlling moments about said centre of gravity. 

12. A method according to claim 11 further comprising moving the mass relative to the 
thrust line of the or a respective engine (18). 

30 13. A method according to claim 11 or 12 in which tSne aerodynamic lift generating 
means comprise a pair of wings (64), and ftjrther comprising varying the wing area 
for controlling the lift, for example. 

14. A method of flight control In an aircraft having wings (64) comprising: 

16 
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vaiying the wing area of at least one of the wings for controlling the lift provided 
by the wing. 
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